Background
The goal of modern cataract surgery is not only to remove the opacified lens, but also to restore visual function at various distances. This can be achieved by implanting specific models of multifocal intraocular lenses (IOLs). Refractive, diffractive, and hybrid apodized (refractive/diffractive) multifocal IOLs are currently available for clinical use [1, 2] . One relatively new design of multifocal IOL is the 1-piece IOL Tecnis ZMB00 (Abbott Medical Optics), which combines diffractive and aspheric optics. This IOL is CE-marked and obtained FDA approval in 2010. Specifically, the aspheric surface of this IOL induces a controlled amount of negative spherical aberration that compensates for the positive spherical aberration usually present in the cornea. Furthermore, chromatic dispersion induced by this relatively new IOL is low and can result in an improvement in contrast sensitivity of up to 12% in comparison with other IOLs made of hydrophobic acrylic materials (e.g., Zhao H, Piers PA, Mainster MA). The additive effects of different optical design elements contribute to contrast loss in pseudophakic eyes implanted with different aspheric IOLs (presented at the XXVII Congress of the ESCRS, Barcelona, 2009). To date, the results of 2 reported studies have shown that this type of multifocal IOL is able to provide excellent objective and subjective results, with effective restoration of near and distance visual function [3, 4] . The aim of the current study was to evaluate binocular visual outcomes, including the analysis of intermediate visual function, with this diffractive multifocal IOL at 3 and 6 months after surgery.
Material and Methods

Patient selection
The study included 40 eyes of 20 patients (16 females, 4 males), with a mean age of 56.10±6.8 years (range 48-67 years) undergoing cataract surgery with implantation of the diffractive 1-piece IOL Tecnis ZMB00 in 1 eye and 3 weeks later in the other eye. Patients were included if they were between 40 and 70 years old and had bilateral cataracts, preoperative corneal astigmatism of less than 1.0 D, strong motivation for independence from wearing corrective lenses, and who agreed to attend the scheduled follow-up visits. Exclusion criteria included subjects under 40 or over 70 years of age, with unrealistic visual outcome expectations or with a profession demanding visual precision (e.g., an architect), psychiatric diseases, stroke, dyslexia, dissatisfaction with progressive glasses, or the need for an IOL power beyond the available diopter range (+5.0 to +34 D). This study was approved by the local ethics committee and was performed in accordance with the ethical standards laid down in the Declaration of Helsinki.
Preoperative and postoperative examination
Before surgery, all patients had a comprehensive ophthalmological examination, including uncorrected and best corrected visual acuity, subjective refraction, corneal topography (Corneal Videokeratography Zeiss), slitlamp biomicroscopy, Goldman tonometry, biometry (IOLMaster500, Carl Zeiss Meditec AG), and binocular indirect ophthalmoscopy through a dilated pupil.
At 3 and 6 months after surgery, the clinical evaluation included the following tests: binocular uncorrected distance visual acuity (UDVA) (logMAR ETDRS chart at 4 m), uncorrected near visual acuity (UNVA) (logMAR at 35 cm), uncorrected intermediate visual acuity (UIVA) (logMAR at 60 cm), manifest refraction, binocular photopic (85 cd/m 2 ) and mesopic (3 cd/m 2 ) distance (2.5 m), binocular photopic near (35 cm) contrast sensitivity (1.5, 3, 6, 12, and 18 cycles/degree, CSV-1000, FACT), screening stereoscopic test (Lang Stereotest II), subjective symptoms (halo, glare), and patient satisfaction evaluation (Visual Function questionnaire VF-14) [5] .
Surgical technique
All surgeries were performed by the same surgeon (WL) under general anaesthesia through a 2.8-mm incision. Continuous curvilinear capsulorrhexis of approximately 5 mm of diameter was performed. After cataract removal, the Tecnis ZMB00 IOL was inserted into the capsular bag by using the Emerald AR Unfolder (Abbott Medical Optics, Santa Ana, CA). The IOL power was calculated using optical biometry (IOLMaster, Carl Zeiss-Meditec, Jena, Germany), the SRK-T formula, and the A-constant recommended by the manufacturer (118.8). Target refraction was emmetropia in all cases.
Statistical analysis
Statistica software (IBM, Armonk, NY, USA) was used for statistical analysis. All of the data samples analyzed followed a normal distribution according to the results of the KolmogorovSmirnov test. Therefore, non-parametric statistical tests were used. Specifically, the Wilcoxon rank sum test was used to assess the significance of differences between 3-month and 6-month postoperative visual, contrast sensitivity, and patient satisfaction data, using the same level of significance (p<0.05) in all cases.
Results
Preoperatively, 13 eyes were hyperopic with a spherical equivalent (SE) ranging from +1.00 to + 3.50 D, a mean value of +2.04±0.74 D, and a median of 2.00 D. Ten eyes were myopic with an SE range from -1.00 to -7.00 D, a mean value of At 3 and 6 months after surgery, mean SE was 0.20 D for distance and near vision. No significant improvement of binocular UDVA was observed between 3 months and 6 months postoperatively (logMAR -0.11±0.14 vs. -0.10±0.13, p=NS). In contrast, a small but statistically significant improvement of binocular UNVA was detected (0.06±0.12 vs. -0.02±0.12, p= 0.004) ( Table 1) .
For intermediate vision, 2 subjects needed to wear corrective lenses ranging from +1.00 D to +1.37 D at the 3-month follow-up visit, and 6 months after surgery 2 subjects needed to ear corrective lenses ranging from +1.37 D to +1.50 D. Seven subjects achieved a corrected intermediate visual acuity (CIVA) of 0.00 logMAR and 19 subjects achieved a logMAR CIVA of 0.10. A binocular logMAR CIVA of 0.00 was achieved in 35% (7/20) of patients. Mean logMAR CIVA was 0.00±0.05 and -0.06±0.06 at 3 and 6 months after surgery, respectively. This change was statistically significant (p=0.005).
At 3 months postoperatively, mean binocular UIVA was 0.12±0.15. Binocular logMAR UIVA was 0.10 or better in 65% (13/20) of patients. At 6 months postoperatively, logMAR UIVA improved significantly (p=0.004), achieving a mean binocular value of 0.07±0.11. The percentage of eyes achieving a log-MAR UIVA of 0.10 or better was the same as that obtained at 3 months postoperatively. (Scale: no difficulties -1, little difficulties -2, moderate difficulties -3, big difficulties -4, unable to perform activity -5).
Corrective lenses independence outcomes
At 3 and 6 months after surgery, 85% of patients (17/20) were totally free of the need to wear corrective lenses. The best results of corrective lenses independence were obtained for distance (94%-95%), followed by near (85%-90%) and intermediate vision (88%-90%).
Contrast sensitivity (CS) outcomes
At 3 and 6 months postoperatively, photopic and mesopic CS for distance and photopic CS for near were found to be within normal limits for the normal population in the range of 50 to 75 years [6] ( Figure 1A -1C, (Table 2) .
Patient satisfaction outcomes
No significant changes were observed in the general vision satisfaction score between 3 and 6 months after surgery (9.39±1.06 vs. 9.19±1.20, p=NS, scale ranging from 0 [not satisfied at all] to 10 [completely satisfied]). Furthermore, no significant changes between 3 and 6 months postoperatively were detected in the scores for the different aspects of visual function evaluated with the VF-14 test (Table 3 ). Patients had mild or no difficulties in performing the different activities evaluated with the VF-14 questionnaire (Table 3 ). Driving at night was the only activity during which patients experienced little to moderate difficulties.
Regarding photic phenomena, a significant reduction in halorelated difficulties at work, as well as in the level of halo perception, was noted at 6 months after surgery (Table 4) . Low levels of halo perception were observed in 55% (11/20) and 60% (12/20) of patients at 3 and 6 months after surgery, respectively. No patients complained about any other photic adverse effects such as glare.
Complications
No intra-or postoperative complications were observed. At 6 months, no cases of posterior capsular opacification requiring YAG capsulotomy were detected.
Discussion
Mean binocular logMAR UDVA in the current series was -0.10 at 6 months after surgery, which confirms the ability of this multifocal IOL to successfully restore distance vision, consistent with reports by other authors using the same type of multifocal IOL [3, 4] . Specifically, Bautista et al. [3] found a mean postoperative logMAR UDVA of 0.08 at 2 months postoperatively, and Friedrich [4] reported that 94.7 % of patients implanted with the same IOL used in our study had a binocular UDVA of 0.1 LogMAR or better. The good distance vision outcome obtained in the current and previous studies is accompanied by a predictable correction of ocular refraction, resulting in minimum residual refractive errors. In comparison with other models of diffractive and zonal refractive multifocal IOLs, the level of binocular distance visual acuity is similar or even better [7] [8] [9] [10] [11] [12] .
Mean binocular logMAR UNVA at 6 months after surgery in the current series was -0.02, which is consistent with the results of previous series evaluating the same type of multifocal IOL [3, 4] . Bautista et al. [3] found that 94.3% of eyes from a sample implanted with the Tecnis ZMB00 IOL could read 0.00 logMAR without correction at 2 months postoperatively. Similarly, in a sample of patients implanted bilaterally with the same type of multifocal IOL, Friedrich 4 reported that 67.7 % of eyes could read Jaeger 1+ (0.0 LogMAR) and 93.6 % could read Jaeger 1 (0.1 LogMAR) or better at 6 months after surgery. These results indicate that this multifocal IOL is also able to restore the near vision function successfully. These outcomes are similar to or better than those reported for other modalities of aspheric diffractive and zonal refractive multifocal IOLs [7] [8] [9] [10] [11] [12] . Tsaousis et al. [7] found a mean postoperative (mean follow-up: 26±6 months) logMAR binocular UNVA of 0.11±0.10 in a sample of eyes implanted with the hybrid apodized diffractive/refractive IOL AcrySof IQ ReSTOR IOL (Alcon, Inc. USA). Alfonso et al. [12] found a mean 6-month postoperative log-MAR UNVA of -0.05±0.07 in a sample of eyes implanted with the fully diffractive IOL Acri.Lisa 366D.
Besides distance and near vision outcomes, the current study is the first reporting on intermediate visual outcomes achievable with the Tecnis ZMB00 multifocal IOL. Mean logMAR UIVA was 0.12, a very similar value to those reported by other authors using other types of multifocal IOLs [7] [8] [9] [10] [11] [12] (Tsaousis et al. [7] 0.11±0.10 with AcrySof IQ ReSTOR and Alfonso et al. [12] Table 4 . Photic adverse effects (halo) -3 and 6-month comparison (range 0-4; 0 = none, 4 = strong/severe).
0.19±0.14 with Acri.Lisa 366D). Likewise, the UIVA outcome obtained in the current series is comparable to that reported for a previous model of the Tecnis multifocal lens (ZM900) [13] . Our results show that the IOL evaluated also provides a functional level of intermediate vision. Furthermore, in the current series, UIVA and UNVA improved significantly from 3 to 6 month postoperatively. Several factors may have contributed to this finding, but patient neuroadaptation to the multifocality induced by the IOL optics seems to have played a major role. Indeed, a similar finding has been reported with other diffractive multifocal IOLs [14, 15] and it has even been demonstrated that visual performance after multifocal IOL implantation can be significantly accelerated by training programs [16] . Via the neuroadaptation process (synaptogenesis, neurogenesis) [17] , the brain has the ability to select an image related to the object that is being looked at, suppressing other images.
Regarding contrast sensitivity, the results obtained in the current series were well within the normal limits defined for the 50-75 years age range [6] , which corresponds to the age range of the sample of patients of the current series. However, the values obtained for higher spatial frequencies were close to the lower limit of the normality range. This outcome is similar to or even better than those reported for other designs of multifocal IOLs, including diffractive and zonal refractive models [9, 18, 19] . Furthermore, some significant improvements were detected in distance and near contrast sensitivity between the 3-month and 6-month postoperative visits. As with UNVA and UIVA, neuroadaptation may also have played a role in this improvement of visual performance.
As a result of the ability of the IOL to restore the visual acuity and contrast sensitivity, independence from wearing corrective lenses was high, with a total of 85% of patients achieving complete independence. Similar results have also been reported with other models of multifocal IOLs [13, [20] [21] [22] . Cillino et al. [22] , in a comparative study of the clinical outcomes obtained with 4 types of IOL, found that independence from wearing corrective lenses was achieved in 20% of cases implanted with a monofocal IOL (AR40 from AMO), in 43.7% and 53.3% of cases implanted with the multifocal refractive IOLs Array SA40N and ReZoom from AMO, respectively, and in 87.5% of cases implanted with the diffractive multifocal IOL Tecnis ZM900.
Finally, patient satisfaction with the outcome of surgery was evaluated using the VF-14 questionnaire. General patient satisfaction was very high and stable, with most of patients scoring their level of satisfaction at between 8 and 10 (0 = not satisfied at all and 10 = completely satisfied), as reported for a previous model of the Tecnis diffractive IOL [21] . The VF-14 test detected only slight to moderate difficulty in driving at night. This effect is mainly attributed to the photic phenomena induced by diffractive optics. This effect is reduced with the introduction of an aspheric optic, minimizing the level of spherical aberration. In contrast, the effect is increased if the multifocal IOL has an additional refractive component [23] .
In the current series, a low level of halo perception was reported in 60% of patients at 6 months postoperatively, with no severe complaints of halos. Future studies should confirm if this subjective symptomatology disappears with time, as suggested by many authors based on the short-and medium-term outcomes [15] and according to the significant reduction of the intensity of photic phenomena with time observed in the current series.
Conclusions
The diffractive multifocal IOL Tecnis ZMB00 provides an effective restoration of distance, intermediate, and near vision, promoting a very high level of independence from wearing corrective lenses, as well as high patient satisfaction. Studies should be conducted to evaluate the long-term outcomes obtained with this modality of diffractive multifocal IOL.
